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Micronutrients and particularly zinc (Zn) deficiency affects crops productivity and human health, therefore improving Zn concentration within plant tissues might be regarded as an aim of sustainable agriculture. In this respect, a field experiment was carried out to examine the potential influence of preceding crop residues including bean and wheat incorporation into the soil as a way to improve zinc accumulation within subsequent wheat (Triticum aestivum L.) grain. The experiment was initiated at autumn 2014 and in the first year, a piece of farm land in Dehaghan-Isfahan-Iran was divided into two equal parts devoted to wheat and bean cultivation. At the end of the harvest season, aboveground plant residues were incorporated to 0-30 cm layer of soil. In the next year, the entire farm devoted to wheat production. The applied treatments included: control, zinc sulfate (60 kg/ha), wheat residues, bean (Phaseolus vulgaris L.) residues, wheat residues + zinc sulfate and bean residue + zinc sulfate. The results of analysis of variance showed the highly significant differences between treatments in terms of grain zinc, protein, phytic acid to zinc molar ratio (PA/Zn), quantitative yield and soil electrical conductivity (EC). Soil pH and organic carbon (OC) were not affected by treatments while soil EC significantly increased by using plant residues. The highest grain yield (3.8 t/ha), grain protein (10.3 mg/kg) and zinc concentrations (36 mg/kg) were obtained by using bean residues plus ZnSO 4 while the lowest quantities were related to control treatment. The treatments had no significant impact on grain acid phytic concentration but phytic acid / zinc molar ratio was affected by treatments and the lowest ratio (which is a positive attribute) was measured from plots containing bean residues plus ZnSO 4 while the highest occurred in control plots.
Micronutrients and especially zinc deficiency is rampant in soils under cereals cultivation throughout the world and it considerably reduces either quantitative or qualitative yield. The areas with Zn-deficient soils are mainly areas where Zn deficiency in human is also rampant and particularly located in South and West Asia (Hotz & Brown 2004; Alloway 2004) . Zinc deficiency is particularly widespread in populations of developing countries where people's diet is cereal based as staple food (Cakmak 2008) . Based on an estimation, micronutrient malnutrition, and especially zinc, iron deficit affects about three billion people around the world (Bouis 2007) and it has been estimated that over two billion people are at risk of Zn deficiency disorders (World Health Organization 2002; Hotz & Brown 2004 ). However, it should also be mentioned that excessive zinc as a heavy metal has severe toxic effects on plants, animals, and human health (Ullah et al. 2015) .
About 50 percent of cereals-growing lands around the globe encounter with different levels of zinc deficiency (Zhao & McGrath 2009 ). Zinc deficiency in soils is caused by both primary and secondary deficiencies. In the case of primary deficiency, the total zinc concentration of the soil is limiting factor for plant requirements which mainly occurs in areas with sandy or strongly leached tropical soils (Cakmak et al. 2010) . The range of total zinc concentrations in soils reported in the literature tends to show an overall mean total concentration of around 55 mg Zn/kg (Kiekens 1995) however the zinc concentration in sandy soils of arid/semi-arid areas of South West Asia such as Iran (including the location of experiment) is considerably lower than global average (Table 1) . Adequate zinc concentration in soil is a crucial factor to achieve high crop yields. In this respect, it is reported that in China, high wheat yields need 29.4 mg Zn per kg in shoots and 1.98 mg DTPA-Zn/kg in soil (Liu et al. 2017) .
Soils affected by secondary zinc deficiency have enough zinc concentration to cover plant nutritional requirements yet the amount of zinc uptake is not enough to meet plant needs. High soil pH and high concentrations of calcium carbonate, bicarbonate, phosphate, calcium, magnesium and sodium in soils are the main factors which cause secondary zinc deficiency (Alloway 2009 ). Since agricultural soils in arid and semi-arid areas such as Iran are predominantly alkaline and taking into account crops needs, zinc and iron are considered as the most yield-limiting micronutrient in these areas.
Cereals and more precisely wheat and rice contain the main source of energy in developing countries especially South and West Asian countries (Cakmak 2008) . Wheat grain generally has a low potential to accumulate Zn particularly when the content of Zn in soil is not sufficient. In addition, the amount of phytic acid which declines Zn availability in human body, is high within wheat grain. So, using agronomic approaches in order to enhance Zn accumulation within wheat grain is necessary. Biofortification means producing cereals which are enriched of micro nutrients and biofortified grains have higher bioavailability of these elements. Biofortification includes both agronomic and genetic approaches (Ghandilyan et al. 2006; Distelfeld et al. 2007 ). Producing cereals with enhanced content of micro-nutrients (biofortification) especially zinc through agronomic or genetic approaches and improving their bioavailability have been regarded as a cost-effective way to alleviate micro-nutrients malnutrition (Peleg et al. 2008) .
Using organic materials like residues of preceding crop as agricultural inputs is a useful management strategy which on the one hand may improve soil structure and on the other hand provides minerals required by plants (Baldi & Toselli 2014; HuesoGonzález et al. 2014) . Local organic materials such as manure farmyard and plant residues are environment-friendly sources of micro-nutrients (Tejada & Benítez 2014) . Applying plant residues from pervious cultivation has been regarded as one of the agronomic biofortification approaches to enhance wheat grain quality (Khoshgoftarmanesh et al. 2017) .
The current investigation was conducted in a region with a chronic Zn deficiency with the following goal: improving soil Zn bioavailability by employing agronomic approaches including using the plant residues of previous cultivation (bean and wheat) accompanied with chemical fertiliser (ZnSO 4 ). In this regard, the influence of mentioned inputs on quantitative and qualitative attributes of wheat grain where investigated.
MATERIAL AND METHODS

Experimental, soil sampling and applied treatments
The investigation was conducted as a field experiment in Dehaghan-Esfahan, Iran (31°56'N, 51°39'E). In the first year, a piece of farm land was divided into two equal parts, in one part, wheat was cultivated at November 2014 and another part was devoted to bean cultivation at early March 2015. Each experimental plot area was 12 m 2 (4 m in length, 3 m in width). The densities for wheat and bean were 250, 50 plants/m 2 respectively. After harvesting at summer, the harvested aboveground residues of both products were crushed into pieces of 1-3 cm, then mixed, and incorporated into the 0-30 cm layer of the farm soil. The chemical properties of each crop residues are presented in Table 2 . In middle autumn 2015 (28 October), all experimental plots were devoted to bread wheat (Sepahan cultivar) cultivation. So the rotations during two years were bean-wheat and consecutive wheat cultiva-tion. The experiment was conducted as a randomized complete block design with three replications with six treatments, including using bean residues, wheat residues, zinc sulfate, wheat residues + zinc sulfate, bean residues + zinc sulfate and control (without plant residues of preceding crop and chemical fertiliser). The crops were irrigated to keep soil moisture at approximately 70% field capacity, using the basin irrigation method. Irrigation rates were based on evapotranspiration data collected at the local weather station of Dehaghan. During the experimental period, the medium temperature of day and night was 10 and 25°C and the relative humidity was about 35%. During the growing period, the necessary agricultural cares like irrigation as plot and weeds control was done both mechanically and chemically (using 2,4-D). Finally, the wheat plants were harvested at June 2016.
The soil chemical and physical properties before performing experiment at autumn 2014 are presented in Table 1 . The chemical zinc fertiliser for certain treatments was applied to soil in form of ZnSO 4 at 60 kg/ha based on what Iranian Soil and Water Institute had recommended (Milani et al. 1998) . Soil properties including pH, organic carbon and electrical conductivity were measured at the end of the experiment in summer 2016 to determine the influence of treatments.
Analysis of grain zinc, acid phytic (PA), PA/Zn molar ratio and protein concentration
In order to quantify the grain Zn content, in brief, samples were extracted by HNO 3 and H 2 O 2 in a microwave and the concentration of Zn within extracts measured by atomic absorption method microwave (Prasad 1999). To determine Phytic acid (PA) concentration in grains, the method of Makower (1970) was performed. In order to measure grain's protein concentration, first the concentration of nitrogen within grain was determined by using the well-known Kjeldahl method then to convert grain nitrogen to protein, based on what Tkachuk (1969) proposed, a specific factor (5.7) was used.
Statistical analysis
The data statistical analysis was done by SAS statistical software. To ensure residual normality, univariate procedure was used. The analysis of variance conducted through GLM procedure. The means comparison was also done by using LSD test (P ≤ 0.05). 
RESULTS AND DISCUSSION
Response of soil EC, pH, organic carbon to applied treatments
The results of analysis of variance are summarized in Table 3 . The means comparison showed that the highest soil EC was related to using wheat residues with or without chemical fertiliser while the lowest EC was observed in the treatment with ZnSO 4 without residues (Table 4) . On the opposite side with the current results, Nash and Baligay (1974) expressed that incorporating plant residues of preceding crop to soil by causing increase in biological activity and fungal, bacterial secretion, gradually reduces alkaline soil's pH while increases acidic soil's pH. However the changes in soil pH caused by decaying residues are temporary and soil buffer property prevent marked changes in pH. In current study, soil pH and organic carbon didn't respond to plant residues and Zn fertiliser. In fact, adding plant residues to soil increases organic matters yet the process is time consuming and the changes will occur during long term periods. As mentioned above, plant residues particularly of preceding wheat caused significant increase in soil EC. In this respect other researchers also reported that using organic compounds as input may increase soil EC since these compounds contain high amount of nutrients (Wanchez-Monedaro et al. 2001; Eghbal et al. 2004) .
Grain zinc concentration
Using plant residues had significant effect on grain zinc concentration (Table 3) . ZnSO 4 had substantial impact on grain Zn concentration as the greatest quantities were obtained when this fertiliser was used either with plant residues (bean or wheat) or without them (Table 4 ). In absence of ZnSO 4 , bean residues caused significant improvement in grain Zn compared with wheat residues and control treatment (Table 4) . It was already expressed that adding plant residues increases the organic carbon soluble in the soil which may absorb zinc element and improve Zn level within wheat grain (Schulin et al. 2008) . Also, a significant correlation between soil zinc and zinc in grain has been reported although, in all the study treatments the grain zinc concentration was less than 35-40 mg/kg that is the critical level for grain quality (Cakmak 2008) . Probably, not reaching to this critical level is caused by lack of primary soil zinc concentration. In fact, the most important factor regarding grain zinc concentration is the primary concentration of this element within soil (Calvino & Sandra's 2003; Wissuma et al. 2007) . Increasing Zn fertiliser (Zn-SO 4 .7H 2 O) rate from 0 to 1,500 kg/ha markedly improves Zn content within wheat grain and contributes in zinc-biofortification (Wang et al. 2015) . In this regard, promising results about the possibility of using Zn fertilisers in order to improve wheat grain Zn concentration has been achieved (Cakmak 2008) . Since the potential of wheat new varieties to accumulate greater content of Zn within grain depends on the available Zn in the soil, breeding and agronomic biofortification strategies seem to be complementary (Joy et al. 2015) . The effect of Zn fertilisation on grain Zn biofortification depends on soil Zn content. The soil in current study suffered from severe Zn deficiency and as a result grain Zn accumulation positively responded to Zn fertilisation. Soil Zn application is effective in terms of grain Zn biofortification provided Zn content in soil is lower than appropriate (Cakmak et al. 2010) .
Grain phytic acid (PA) content and phytic acid to zinc (PA/Zn) molar ratio
As shown in Table 3 , the impact of treatments on grain acid phytic content was insignificant. In contrast, the differences between treatments in terms of phytic acid to zinc (PA/Zn) molar ratio (Table 3 ) were significant. Based on the result of means comparison, adding bean residues decreased the ratio and bean residues compared with wheat residues affected (reductive) the ratio more effectively. Furthermore, ZnSO 4 fertiliser affected the ratio significantly as PA/Zn ratio was lower in all treatments which included ZnSO 4 . This subject was also reported by researchers (Dorostcar et al. 2013) . The PA/Zn molar ratio is considered as an index of zinc bioavailability in human diet (Weaver & Kannan 2002) . In general, it is proposed that Zn absorption will be markedly limited when the PA/Zn molar ratio is over 15 (Gargari et al. 2007 ) and Zn bioavailability is considered as insufficient when the ratio is below 15 (Ryan et al. 2008) . In this respect, Wang et al. (2015) reported that using high rates of Zn fertilisers to soil rapidly increases zinc concentrations while at the same time reduces PA concentrations in wheat grains and as a result the molar ratio of PA/Zn declines.
Grain protein concentration
The results of analysis of variance in terms of grain protein are presented in Table 3 . Using plant residues without chemical fertiliser and vice versa caused no significant improvement in grain protein (Table 4) . When bean residues and zinc fertiliser applied together, it led to significant increase in grain protein as the greatest quantity was obtained by using bean residues and ZnSO 4 (Table 4 ). There are other reports that express wheat rotation with other plants specially legumes, increases the wheat grain protein (Peck et al. 2008; Marschner 1995) . Proteins are considered as a factor for improving zinc absorption in nutritive regimes. Greater content of grain protein improves element zinc absorption. Zinc consumption can be effective in curing the lack of zinc in human, increasing the protein and the zinc concentration in grain (Marschner 1995) .
Grain yield
Bean residues incorporation into the soil, increased the grain yield by 18 percent compared to control (Table 4 ). The highest grain yield was obtained when the bean residues with zinc sulfate were added to the soil together and it led to 26 percent increase in grain yield compared to control. As shown in Table 2 , the bean residues contained higher content of zinc and protein. So the greater grain yield by using bean residues might be caused of more nitrogen and zinc in bean residues. It is reported that using 23 kg of zinc fertiliser can increase wheat grain yield significantly (Cakmak 2008) . The promoting impact of preceding legumes on following cereal's growth, may be caused by the nutrients release during decomposition of legume residues (Theuerl & Buscot 2010 ) that consequently are utilized by cereal crop. In addition to well-known ability of legumes regarding nitrogen biological fixation, these crops also may mobilize P in soils and thereby often contain greater amount of P within plant organs. This source of P subsequently will become available during decomposition of residues (Nuruzzaman et al. 2005) .
CONCLUSIONS
This experiment showed that the using plant residues particularly legume species (in this case bean) might be a useful way to improve wheat quantitative and qualitative yield through grain enrichment of zinc and protein. Furthermore, since soil suffered from severe zinc deficiency, applying 60 kg/ha of Zn chemical fertiliser (ZnSO 4 ) accompanied with plant residues caused significant improvement in grain PA/Zn ratio (lower is better), grain Zn and grain yield. Also, the results of the experiment showed that residues with lower C/N ratio such as bean may have a more effective role in growth and yield of succeeding wheat. Using plant residues with high degradation might be more useful for crops with low growth period. In addition since using plant residues caused increase in soil EC, the amount of residues must be applied precisely to prevent soil salinization. At the end, it must be mentioned that in current investigation the data were gathered only for one year so the obtained results are preliminary.
